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FOREWORD 

in  the  early  1970s,  a  series  of  extensive  evaporation  ducting  measurements  was 
conducted  in  different  ocean  areas.  The  purpose  of  the  measurements  was  to  provide 
data  for  model  validations  and  to  determine  if  existing  climatologies  could  be  used  for 
estimating  the  probability  of  occurrence  for  evaporation  ducting  conditions.  Both 
objectives  were  successfully  met  and  documented  in  Naval  Electronics  Laboratory 
Center  (NELC)  Technical  Notes  2031,  2371.  and  2569.  (NELC  was  a  predecessor  of 
the  Naval  Ocean  Systems  Center.) 

Technical  Notes  carry  a  limited  distribution  statement  and  cannot  be  referenced  in 
documents  approved  for  unlimited  distribution.  Because  the  information  in  Technical 
Notes  2031,  2371,  and  2569  is  still  extensively  used,  the  Technical  Notes  have  been 
reissued  in  this  NOSC  Technical  Document  approved  for  unlimited  distribution.  As  a 
formal.  Center-approved  publication,  this  Technical  Document  can  be  referenced. 

This  reissue  is  presented  in  two  volumes.  Volume  1  presents  Part  1:  Results 
from  the  Pacific  Measurements  (formerly  NELC  TN  2031)  and  Part  II:  Results  from 
the  Key  West  Measurements  (formerly  NELC  TN  2371).  Volume  2  presents  Part  ill: 
Results  from  the  Mediterranean  Measurements  (formerly  NELC  TN  2569). 
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Part  I:  Results  from  the 
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SUMMARY 

A  series  of  caurefully  controlled  radio  propagation  measurements 
were  performed  over  a  period  of  one  year  in  the  Southern  California 
off-shore  area.  The  purpose  of  the  measurements  was  to  determine 
antenna  heights  for  optimum  utilization  of  the  radio  propagation 
properties  of  the  oceanic  surface  evaporation  duct.  Over  water 
radio  propagation  links  with  vertically  spaced  antennais  were  oper¬ 
ated  in  the  frequency  rainge  from  1-10  Siz  at  19  nautical  miles 
over-the-horizon  paths.  It  was  found  that  for  Ir  and  S-band  fre¬ 
quencies  the  highest  antenna  virtucilly  all  the  time  receives  the 
highest  signals  (or,  what  is  the  same,  gives  the  longest  detection 
ranges) .  ‘  For  X-band  stronger  signals  cure  received  10  percent  more 
often  on  the  low  sited  antenna  (15  feet  above  mean  sea  level)  com¬ 
pared  to  the  high  antenna  (65  feet  above  mean  sea  level) .  About 
five  percent  of  the  time  the  lower  antenna  receives  signals  which 
are  6  dB  stronger  than  those  received  by  the  higher  antenna.  It 
seems  unlikely  that  a  cost  effectiveness  analysis  based  on  those 
percentages  would  justify  addition  or  relocation  of  ship  board  radar 


antennas . 


I.  BACKGROUND 


A  persistent  atmospheric  phenomenon  fo\ind  over  oceans  is  a  low 
level  duct  just  above  the  water  surface.  It  is  caused  by  evaporation 
and  produces  a  refractive  index  profile  decreasing  with  height. 

This  duct  has  a  significant  influence  on  microwave  radio  propagation 
and  its  effect  hais  to  be  taken  into  account  for  accurate  radcir 
coverage  and  microwave  communications  predictions.  Under  extreme 
conditions  this  duct  can  virtually  trap  all  microwave  energy  and 
act  as  a  waveguide.  It  is  tempting  to  ea^loit  such  a  capability,  for 
example  over-the-horizon  detection  of  small  surface  targets.  For 
mciximum  utilization  of  this  capability  one  would  like  to  know  how 
existing  antenneis  perform  under  veurious  ducting  conditions  and  if 
there  is  an  optimum  antenna  height  for  use  on  boeird  ship.  Relocation 
or  addition  of  antennais  on  boaurd  ship  is,  of  course,  a  question  of 
fcu:  reaching  consequences  both  from  an  engineering  and  an  economical 
viewpoint.  Those  in?)lications  put  a  special  demand  on  a  program  that 
investigates  microwave  propagation  in  the  oceanic  surface  evaporation 
duct.  Quick  conclusions  drawn  from  spotty  measurements  could  have 
disastrous  consequences.  Only  con^rehensive  and  thorough  measurements 
combined  with  sound  theoretical  interpretations  can  provide  the  data 
needed  as  an  input  for  cost-effectiveness  studies  which  determine 
optimum  utilization  of  the  surface  evaporation  ducting  phenomenon. 
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II.  OBJECTIVE 

Conduct  a  series  of  well  controlled  measurements  in  an  ocean 
environment  vdiich  provide  a  basis  for  a  statisticeil  judgment  of  the 
relative  performance  of  high  and  low  sited  antennas.  This  necessi¬ 
tates  measurements  over  extended  periods  of  time  in  different  seasons 
and  geographical  areais.  The  present  report  covers  the  findings  in 


the  Southern  California  off-shore  area. 
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III.  APPROACH 

In  order  to  represent  most  closely  open  sea  conditions,  one 
would  prefer  to  conduct  measurements  ^rom  aboard  ship.  Ideally,  one 
would  like  to  use  one  radar  for  each  frequency  under  investigation, 
switchable  to  antennas  at  different  heights  and  track  calibrated 
targets  continuously.  This  would  require  a  dedicated  ship,  special 
radars  calibrated  and  modified  to  permit  continuous  recording  of 
the  radar  returns  from  Ccdibrated  tcurgets .  The  cost  of  such  measure¬ 
ments  would  be  tremendous  and  ftmding  for  such  an  exercise  would  be 
difficult  to  obtciin.  A  con^romise  approach  seems  to  be  in  order 
which  gives  data  of  sufficient  qucd.ity  to  draw  sound  conclusions  at 
reasonable  cost.  The  most  iiq^ortant  consideration,  of  course,  is 
the  quality  of  the  data.  Tracking  targets  of  opportunity  with 
unkncfwn  and  highly  aspect^dependent  cross-sections  could  produce 
misleading  data.  Using  unmodified  radars  located  at  different  ship¬ 
board  heights  (maybe  even  operating  at  different  frequencies)  will 
not  provide  reliable  data.  With  these  considerations  in  mind,  it 
was  decided  not  to  involve  ships  for  the  basic  measurements.  The 
substitute  most  closely  resembling  open  sea  conditions  is  a  propaga¬ 
tion  path  between  two  islands.  A  low  sited  trcuismitter  on  one  island 
radiates  several,  frequencies  simultaneously  and  continuously.  Verti¬ 
cally  spaced  antennas  on  another  island  receive  the  signals.  For 
each  frequency  only  one  receiver  is  used  which  sequentially  is 
switched  to  the  different  receiving  antennas.  This  eliminates  the 
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need  for  carefiil  calibration  of  the  critical  active  con^onents  in  the 
system.  The  significant  features  of  the  concept  of  using  a  propaga¬ 
tion  path  between  two  islands  are: 

1.  Open  sea  conditions  ctre  closely  simulated  by  islands 
sufficiently  removed  from  land  influence. 

2.  Variation  of  tcurget  cross-section  is  eliminated  by  using 
a  one  way  propagation  path. 

3.  Precise  antenna  adjustments  are  possible  as  both  terminals 
cire  on  a  fixed  platform. 

4.  Continuous  and  long  term  measurements  are  easily  achieved 
with  minimum  involvement  of  personnel  and  equipment. 

5.  Only  peissive  con^onents  are  switched  at  the  receiver  site 

minimizing  cadLibration  uncertainties.  ! 

6.  Con9^u:ed  to  measurements  involving  ships  the  island  measure¬ 
ments  are  ine3q>ensive  and  oppose  little  logistic  problems. 

A.  Selection  of  Propagation  Path 

Results  from  extensive  previous  measurement  programs  show 
the  possible  influence  of  elevated  refractive  structures  on  propaga¬ 
tion  data.  In  particular,  for  long  propagation  paths  this  influence 
becomes  more  pronounced.  Figure  1  illustrates  this  effect  for  a 

variable  9.6  GHz  propagation  path.  In  this  case,  the  trcuismitter  | 

was  mounted  on  a  small  boat  at  a  height  of  15  feet  while  the  receiver  ( 

I 

remained  at  a  fixed  height  of  120  feet.  In  figure  la,  path  loss  is  j 

plotted  as  a  function  of  distance  for  the  boat  moving  away  from  the  j 

receiver  to  a  maximum  distance  of  54  miles  and  then  returning.  Up  I 


to  distances  of  approximately  40  miles, path  loss  as  a  function  of 
range  behaves  as  expected  (diffraction  being  responsible  for  the 
slope  in  the  curves  out  to  some  26  miles  and  tropospheric  scatter 
for  the  slope  from  26  -  40  miles) .  Beyond  40  miles  path  loss  un¬ 
expectedly  decreases.  The  explanation  of  this  decrease  in  path  loss 
or  increase  in  received  field  strength  can  be  found  from  the  refrac¬ 
tive  index  profile  measured  with  a  sounding  balloon  as  shown  in 
figure  lb.  A  refractive  layer  is  responsible  for  bending  rays  back 
to  the  ground  as  illustrated  by  the  ray  trace  picture  of  figure  Ic 
at  about  the  distance  where  the  measured  path  loss  decreased.  Ele¬ 
vated  layer  structures  may  refract  radio  rays  downward  and  thus 
create  a  "skip  zone"  in  which  there  is  no  effect  from  the  layer. 

The  length  of  this  skip  zone  increases  with  the  height  of  the  refrac¬ 
tive  layer.  This  is  the  reason  that  the  influence  of  these  layer 
structures  increases  with  the  length  of  the  propagation  path.  For 
oiir  present  investigation  in  which  we  are  concerned  with  the  effect 
of  the  oceanic  surface  evaporation  duct  we  want  to  avoid  excessive 
contamination  of  our  results  by  atmospheric  refractive  structures 
other  than  the  oceanic  duct.  Therefore,  we  want  a  propagation  path 
that  is  not  too  long.  On  the  other  hand,  we  are  only  interested  in 
over-the-horizon  propagation  paths  which  requires  a  minimum  distance. 
For  the  terminal  heights  under  consideration  (15  feet  for  the  trans¬ 
mitter,  65  feet  for  the  highest  receiving  antenna)  the  shortest  path 
length  to  be  just  beyond  the  horizon  is  13  nautical  miles.  Two 
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suitable  islands  in  the  Southern  California  off-shore  area  are 
San  Clemente  and  Santa  Catalina  islands.  Figure  2  shows  their  rela¬ 
tive  location  and  the  location  of  the  terminals.  The  path  length  of 
19.3  nautical  miles  fulfills  the  previously  discussed  constraints. 
Both  islands  are  removed  sufficiently  fror;t  the  mainland  that  the 
propagation  path  selected  can  be  considered  to  be  representative  of 
open  sea  conditions. 

B.  Equipment 

A  block  diagram  of  the  transmitting  system  is  shown  in 
figure  3.  One  oven  controlled  crystal  oscillator  phase  locks  three 
solid  state  microwave  oscillators  at  L-,  S-,  and  X-band  frequencies 
respectively.  These  signals  are  combined  in  a  triplexer  euid  radi¬ 
ated  by  a  3  foot  parabolic  reflector  having  a  log  periodic  feed. 

The  performance  characteristics  for  the  transmitter  are  listed  in 


table  1. 

Band 

Frequency 

GHz 

Radiated  Power 
dBm 

Antenna  Gain 
in  dB 

Antenna  Beamwidth 
degrees 

L 

1.0426 

25 

12 

20 

S 

3.0075 

17 

26 

8 

X 

9.624 

12 

32 

3 

Table  1.  Performance  characteristics  of  transmitter 


The  mode  of  transmission  is  continuous  wave  and  unmodulated  for  all 
three  frequencies.  The  power  requirements  are  28  V,  0.25  A  for  the 
crystal  oscillator  and  20  V,  0.7  A  for  the  microwave  sources.  The 
power  requirements  are  low  enough  to  be  supplied  by  regular  automobile 


batteries  for  two  week  measurement  periods.  Figure  4  shows  the 
complete  transmitter  at  its  location  on  Santa  Catalina  Island.  The 
antenna  height  is  17  feet  (5.6  m)  above  mean  sea  level. 

A  block  diagram  of  the  receiving  system  is  shown  in  figure  5. 
Vertically  spaced  receiving  cuitennas  are  sequentially  switched  to 
the  triplexer  which  separates  the  three  frequencies  and  feeds  them 
into  their  respective  receivers.  The  receiver  intermediate  frequency 
bandwidth  is  2  kHz  euid  the  receiver  automatic  gain  control  voltage 
is  recorded  on  strip  chart  recorders.  The  recording  interval  for 
one  antenna  is  five  minutes  after  which  the  timer  switches  to  the 
next  antenna.  Special  attention  is  given  to  frequent  calibrations. 
Sepcirately  generated  and  cairefully  calibrated  signals  are  applied 
to  the  triplexer.  Figure  6  shows  the  amtenna  arrangement  for  the 
Novesdaer  1971  measurements.  The  antenna  heights  are  16,  32,  and 
64  feet  above  msl.  For  the  July  measurements  only  two  antennas  were 
used  at  9  feet  and  63  feet  ckbove  msl. 

For  X-band,  the  antenna  beaunwidth  is  only  three  degrees. 

This  necessitates  a  very  careful  antenna  alignment.  An  electrical 
alignment  is  not  considered  sufficient  because  of  high  signal 
fluctuation.  The  alignment  of  both  transmitting  and  receiving 
antennas  was  done  with  theodolites  using  survey  points.  The 
accvuracy  of  this  alignment  is  considered  better  than  one-half  of 


one  degree. 


IV.  RESULTS 

A.  Boat  Measurements 

Previous  measurements  for  variable  path  lengths  used  a  small 
boat  ceirrying  the  transmitter  and  a  shore-based  elevator-tower 
assembly  for  the  receiver  as  described  in  reference  1.  These  mea¬ 
surements  were  performed  over  a  period  of  six  months.  Data  obtained 
at  distances  of  19  nautical  miles  are  shown  in  figures  7-9.  In 
these  figures,  path  loss  is  plotted  versus  18  separate  trips  for 
three  different  antenna  heights  at  15,  75,  and  122  feet.  Path  loss 
values  of  consecutive  trip  numbers  for  each  of  the  antenna  heights 
are  connected  for  illustration  purposes  only.  The  horizontal  dashed 
line*,  are  the  calculated  diffraction  losses  for  the  three  antenna 
heights  (lowest  line  belonging  to  tlie  low  antenna  etc. ) .  Figure  7 
shows  the  L-bcuid  data  (data  of  trip  number  2-6  are  missing  due 
to  equipment  failure).  In  all  cases,  the  signals  received  with 
the  higher  antenna  are  stronger  than  those  with  the  next  lower 
antenna.  The  much  higher  signals  on  trip  number  8  are  due  to  a 
Santa  Ana  condition  in  which  dry  desert  air  moves  over  the  water 
and  often  leads  to  dramatic  ducting  conditions.  Such  occasional 
drastic  ducting  conditions  are  not  unique  to  the  Southern  California 
coastal  area.  They  can  be  found  at  other  oceanic  areas  close  to  or 
surrounded  by  desert  Icind  masses  (e.g.  the  Mediterranean),  The  strong 
ducting  encountered  on  trip  number  8  caused  higher  signals  to  be 


received  on  the  middle  antenna  than  on  the  high  antenna  for  3-band , 
as  shown  in  figure  8,  and  a  Goiii)lete  reversal,  that  is,  the  highest 
signal  on  the  low  antenna  and  the  lov/est  on  the  high  antenna  for 
X-band  in  figure  9.  For  S-band,  on  all  other  trips  signals  increased 
(or  path  loss  decreased)  with  antenna  height.  The  meaisured  values 
for  S-band  frequently  are  lower  than  the  calculated  values  due  to 
diffraction.  In  conpeuring  the  theoretically  calculated  lower  limits 
with  the  much  smaller  meeisured  data  one  has  to  remember  that  for  the 
calculation  of  the  diffraction  loss  a  so-called  standard  atmosphere 
is  assumed.  Subrefractive  conditions  will  cause  an  increase  in  the 
loss.  Some  of  the  values  in  figure  8  appear  to  be  too  low  to  be 
explained  by  this  interpretation.  However,  even  if  there  is  some 
doubt  in  the  absolute  path  loss  values  for  S-band,  this  is  of  no 
consequence  for  the  major  present  concern.  The  evaluation  of  the 
relative  performance  of  vertically  spaced  antennas  is  independent 
of  the  magnitude  of  the  received  fields. 

Figure  9  shows  the  measurements  for  X-band.  For  two  trips 
(nxunber  8  and  12)  signals  decrease  with  antenna  height.  In  those 
cases  one  would  have  longer  detection  ranges  using  a  low  sited 
antenna. 

Obviously,  the  number  of  data  points  presented  in  figures 
7-9  does  not  permit  one  to  draw  statistically  sound  conclusions. 
However,  the  findings  from  figures  7-9  are  consistent  with  those 
from  the  island  measurements.  The  island  measurements  avoided  two 


shortcomings  of  the  boat  measurements;  they  provided  a  large  san^le 
of  continuous  data  and  eliminated  possible  contamination  from  land 
influence  by  placing  both  terminals  of  the  propagation  link  away 
from  the  mainland. 

B.  San  Clemente  -  Santa  Catalina  Measurements  July  1971 

In  July  1971,  a  ten  day  meaisurement  was  conducted  using  a 
transmitter  height  of  17  f.^et  on  Santa  Catalina  Island  and  receiving 
antennas  at  9  and  63  feet  on  San  Clemente  Island.  The  data  are  pre¬ 
sented  in  a  format  considered  to  be  most  useful  as  a  basis  for  evalu¬ 
ating  optimum  antenna  heights-  Figure  10  shows  the  logarithm  of  the 
ratio  of  the  signals  (or  equivalently  the  path  loss  difference) 
received  with  the  high  and  the  low  sited  antenna  respectively.  The 
ordinate  value  is  zero  for  equal  signals  on  both  antennas.  Positive 
ordinate  values  indicate  higher  signals  on  the  higher  antenna  and 
negative  ordinate  values  higher  signals  on  the  lower  antenna.  The 
abscissa  shows  two  rows  of  numbers.  The  first  row  indicates  the 
time  of  day  ("12"  is  noon  and  "0"  midnight)  and  the  second  row  the 
date  in  July.  Figure  10  indicates  consistently  higher  signals  on 
the  higher  antenna  except  for  a  few  brief  periods  in  the  first  three 
days  of  the  measurement  period.  The  kind  of  presentation  in 
figure  10  has  an  added  advantage  that  one  does  not  even  need  to 
know  the  transmitter  power.  It  cancels  when  the  ratios  are  formed. 
However,  the  absolute  power  levels  are  of  considerable  interest  for 
other  considerations  and  are  shown  in  the  form  of  path  loss  in  figure 
11.  The  dashed  lines  indicate  calculated  path  loss  values  for 
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free  space  propagation  and  diffraction.  Both  are  not  limiting  values 

and  are  occaisionally  exceeded  by  the  measured  signals-  Figures  12 

and  13  show  the  amount  of  fading  measured  for  L-band.  The  lower 

antenna  did  encounter  both  higher  average  and  absolute  fading 

values.  The  information  of  figures  10-14  is  presented  in  tabular 

form  in  table  2.*  This  format  should  be  most  helpful  to  a  systems 

designer  who  is  faced  with  the  task  of  making  cost-effective 
cuitenna  siting  decisions.  The  first  block  of  numbers  in  table  2 

gives  the  percentage  of  time  signals  received  on  the  higher  antenna 
exceed  the  signals  received  by  the  lower  antenna  by  a  certain  value 
in  dB.  This  information  is  absolutely  necessary  if  one  considers 
costly  relocation  or  addition  of  other  antenncis.  Only  the  gain  of 
a  significant  amount  of  signal  for  a  large  percentage  of  time  could 
justi^  addition  of  other  antennas.  For  instance,  if  one  considers 
a  gain  of  6  dB  of  the  lower  antenna  over  the  higher  a  significant 
aiDount,  then  table  2  tells  us  that  in  99.6%  of  the  measured  period 
the  higher  antenna  exceeded  the  lower  antenna  by  6  dB.  Or  turning 
it  around,  in  0.4%  of  the  time  were  the  signals  received  by  the 
lower  antenna  6  dB  higher  than  those  by  the  upper  antenna.  Both 
absolute  and  average  fading  values  are  higher  for  the  lower  antenna. 
In  only  1.9%  of  all  cases  did  the  average  fading  of  the  higher 
antenna  exceed  6  dB,  con^jared  to  24%  for  the  lower  antenna.  Similar 
values  are  found  for  the  absolute  fading. 

Figures  14-17  show  the  results  of  the  July  1971  measurement 
period  for  S-band.  Figure  14  represents,  again,  the  signal  ratio 

♦Tables  2  through  7  -  pages  58  to  63. 
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of  high  versus  low  antenna.  Higher  signals  are  received  consistently 
by  the  higher  antenna.  Path  loss,  average  and  absolute  fading  are 
shown  in  figures  16  and  17.  A  large  percentage  of  the  time,  fading 
was  below  the  one  dB  threshold  value  used  in  the  data  reduction. 

During  those  time  periods  the  values  of  path  loss  are  quite  steady 
indicating  little  change  in  atmospheric  conditions.  The  absence  of 
strong  atmospheric  changes  maikes  a  periodic  structure  visible  which 
is  clearly  diurnal  in  cheuracter.  It  correlates  with  the  di\imal 
changes  in  moisture  measured  on  San  Clemente  Island.  Table  3 
summarizes  the  S-band  data  in  the  same  format  described  before.  No 
reversal  of  received  signal  strength  for  high  and  low  antenna  occurred 
during  the  meaisurement  period.  Fading  for  the  lower  antenna  was 
stronger  than  for  the  high  antenna. 

The  X-band  data  are  shown  in  figures  18-21.  The  high- low 
antenna  difference  (signal  ratio)  in  dB  of  figure  18  indicates  con¬ 
sistently  higher  signals  for  the  higher  antenna.  Path  loss  and 
fading  are  shown  in  figures  19-21.  The  X-band  data  are  summarized 
in  table  4.  The  first  block  shows  again  the  percentage  of  time  the 
signal  ratio  of  high  and  low  antenna  exceed  a  certain  value  in  dB. 
Fading  at  the  lower  is  again  stronger  than  on  the  higher  antenna. 

During  the  July  measurement  period,  separate  meteorological 
measurements  were  performed  in  the  marine  boundary  layer  from  an 
off-shore  oceanographic  platform  described  in  reference  1.  Even 
though  the  meteorological  measurements  were  not  in  the  immediate 


vicinity  of  the  radio  propagation  path,  they  proved  to  be  quite  useful 
in  checking  the  internal  consistency  of  the  data.  Figure  22  shows 
an  M-profile  measured  on  July  19,  1971  indicating  a  duct  height  of 
some  6  m  (similar  duct  heights  were  measured  throughout  the  radio 
measurement  period) .  In  figure  23  calculated  values  of  signal  ratios 
as  a  function  of  duct  height  are  shown  for  the  geometry  and  configura¬ 
tion  fiot  the  San  Clemente  -  Santa  Catalina  propagation  link.  For  a 
duct  height  of  6  m  we  would  expect  signal  ratios  of  14,  16,  and  8  dB 
for  L-,  S-,  and  X-band  frequencies.  Con^jaring  these  vadues  with 
figures  10,  14,  and  18  one  finds  an  excellent  agreement  between  cal¬ 
culated  and  measured  effects  of  the  oceanic  evaporation  duct  on 
microwave  radio  propagation. 

C«  San  Clemente  -  Sanca  Catalina  Measurements  November  1971 

For  the  November  meaisurement  period  some  modifications  were 
incorporated  for  measurements  and  data  presentations.  The  most 
important  modification  was  the  addition  of  a  third  antenna  between 
the  high  and  the  low  antenna.  This  was  done  to  satisfy  conjectures 
there  might  be  a  magic  antenna  height  around  30  feet  for  which  sig¬ 
nals  were  stronger  than  either  for  the  high  or  for  the  low  antenna. 
The  addition  of  the  third  antenna  changes  the  data  presentation. 

The  signal  ratios  are  formed  now  for  high-low,  mid-low,  and  high-mid 
antenna  positions.  The  presentation  of  average  fading  was  abandoned 
because  the  absolute  fading  appears  to  be  the  critical  information 


for  system  design  considerations  concerned  with  fading  margins. 


Figure  24  shows  the  path  loss  for  the  high  antenna  and  the 
signal  ratio  of  high  and  low  antenna  measured  from  4-17  November 
1971.  The  high  signal  levels  on  4  and  16  November  are  due  to 
elevated  layers  subsiding  close  to  the  water.  The  influence  of  those 
elevated  layers  is  similar  in  figiires  25  and  26  which  show  path  loss 
for  mid  and  low  antenna  and  the  signal  ratios  for  the  other  antenna 
configurations.  The  fading  for  the  three  antennas  is  shown  in 
figure  27.  Table  5  summarizes  in  tabular  form  the  findings  from  the 
November  measurement  for  L-band.  The  first  block  gives,  again,  the 
percentage  of  time  the  signal  ratio  of  high  to  low  antenna  exceeds 
a  given  value.  For  instance,  in  99.7%  of  the  two  week  measurement 
period  the  signals  received  with  the  higher  antenna  exceeded  those 
from  the  lower  by  3  dB.  Or,  in  0.3%  of  the  time  signals  on  the  low 
antenna  were  twice  as  high  as  on  the  high  antenna.  Blocks  two  and 
three  con?»cire  the  middle  with  the  low  antenna  and  the  high  with  the 
middle  antenna.  The  remaining  three  blocks  in  table  5  give  the  per¬ 
centage  of  time  each  of  the  antennas  exceeds  certain  absolute  fading 
values.  Fading  appears  to  increase  with  decreasing  antenna  height. 

The  3-band  data  are  plotted  in  figures  28-31.  Figure  28 
shows  path  loss  for  the  high  antenna  and  the  signal  ratio  of  high 
and  low  antenna.  The  peaks  and  dips  in  the  curves  on  4  and  16 
November  are,  again,  caused  by  very  low  elevated  layers.  The 
influence  of  elevated  layers  is  often  accompanied  by  strong  fading. 
According  to  figure  31,  fades  of  25  dB  were  observed  on  4  November. 


Table  6  svmnnarizes  the  S-band  data  in  the  format  explained  before. 
Again,  fading  decreases  with  increasing  antenna  height. 

Figures  32-35  show  the  X-band  data.  The  influence  of  the 
elevated  layers  results  in  an  enhanced  signal  strength  on  4  November 
and  a  weakened  signal  on  16  November  1971.  Signal  reversals  (i.e. 
higher  signals  on  the  lower  antennas)  do  occur.  Prom  table  7  one 
can  find  that  in  89.1%  of  the  time  the  high  antenna  received  stronger 
signals.  The  low  antenna  out^performed  by  more  than  6  dB  the  high 
antenna  in  4.8%  of  the  time  and  the  middle  antenna  in  2.2%  of  the 
time.  The  fading  does  not  show  previously  observed  trend  of  decreas¬ 
ing  values  with  increasing  antenna  height. 
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V.  CCNCLUSIO^S 

Extensive  measurements  at  L-,  S-,  and  X-band  frequencies  at 
19  nautical  miles  over-the-horizon  oceanic  radio  propagation  paths 
in  the  Southern  California  off-shore  area  indicate  a  significant 
enhancement  of  the  signals  a  large  percentage  of  the  time.  This 
enhancement  must  be  taken  into  account  for  accurate  propagation 
range  predictions.  The  influence  of  the  evaporation  duct  is  most 
pronounced  at  X-band  amd  decreases  with  decreasing  frequency. 
Stronger  signals  are  observed  on  a  low  sited  antenna  (=15  feet  above 
MSL)  con^jared  to  a  high  antenna  (=65  feet  above  MSL)  for  X-band 
approximately  10%  of  the  time.  About  five  percent  of  the  time  the 
lower  antenna  receives  signals  which  are  6  dB  stronger  than  those 
received  by  the  higher  antenna.  These  values  are  considered  repre¬ 
sentative  for  the  Southern  California  off-shore  area  and  are  in 
agreement  with  predictions  of  probability  of  ducting  based  on  avail¬ 
able  meteorological  data. 


VI.  RECOMMENDATIONS 


All  mecisxireinents  in  this  report  were  confined  to  one  geographical 
area.  The  same  measurements  should  be  conducted  in  one  or  two  other 
areas  of  the  world  and  the  findings  compaured  with  predictions  from 
available  meteorological  data.  If  agreement  is  found  between  mea¬ 
surements  and  predictions,  then  it  will  not  be  necessaury  to  conduct 
measurements  in  each  individual  location  of  interest.  The  radio 
measurements  so  fau:  have  shown  an  increaised  influence  of  the  oceanic 
duct  with  increasing  frequency.  Frequencies  above  X-bamd  should  be 
added  to  the  meaisurement  program  in  order  to  establish  the  influence 
of  surface  roughness,  duct  inhomogeneities  and  absorption  on  prop¬ 
agation  of  higher  frequencies  in  the  oceanic  surface  evaporation 
duct. 
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VIII.  FIGURES 


(a)  Path  loss  as  a  function  of  distance  for  a  9.6  GHz  signal 


and  antenna  heights  of  15  and  120  feet. 

Path  loss  increaises  at  ranges  over  40  miles  because  of 
reflection  from  elevated  layers. 


(b)  Refractive  index  profile  at  time  of  path  loss  measurements. 


M  is  modified  refractive  index. 


(c)  Ray  trace  for  the  refractive  index  profile  of  (b)  and 
transmitter  height  of  (a) .  Rays  bend  downward  agcdn  at 
longer  ranges  explaining  the  increased  signals  (or 
decreased  path  loss)  of  (a) . 
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Path  loss  for  a  19  nautical  mile  propagation  path  at  L-band 


Path  loss  for  a  19  nauticsil  mile  propagation  path  at  3-band 


Path  loss  for  a  19  nautical  mile  propagation  path  at  X-band 


Difference  high- low  antenna  L-band  July  1971 


Path  loss  L-band  July  1971 


Average  fading  L-band  July  1971 


Absolute  fading  L-band  July  1971 


Difference  high- low  antenna  3-band  July  1971 


Path  loss  S-band  July  1971 
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16.  Average  fading  S-band  July  1971 

17.  Absolute  fading  S-band  July  1971 

18.  Difference  high- low  antenna  X-band  July  1971 

19.  Path  loss  X-band  July  1971 

20.  Average  fading  X-band  July  1971 

21.  Absolute  fading  X-band  July  1971 

22.  M-profile  for  19  July  1971 

23.  Calculated  signal  ratios  as  a  function  of  duct  height 

24.  Difference  high- low  antenna  and  path  loss  L-band  November  1971 

25.  Difference  mid- low  antenna  and  path  loss  L-band  November  1971 

26.  Difference  high-mid  antenna  and  path  loss  L-band  November  1971 

27.  Fading  L-band  November  1971 

28.  Difference  high-low  antenna  and  path  loss  S-band  November  1971 

29.  Difference  mid-low  antenna  aind  path  loss  S-bemd  November  1971 

30.  Difference  high-mid  antenna  and  path  loss  S-band  November  1971 

31.  Fading  S-band  November  1971 

32.  Difference  high- low  antenna  and  path  loss  X-band  November  1971 

33.  Difference  mid-low  antenna  and  path  loss  X-band  November  1971 

34.  Difference  high-mid  antenna  and  path  loss  X-band  November  1971 

35.  Fading  X-band  November  1971 
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Figure  7.  Path  Loss  at  19  nautical  miles 


Figure  8.  Path  Loss  at  19.  nautical  miles 
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Figure  15.  S  BAND  CATALINA  T3  SAN  CLeMf-NFE  ISLAND  JULY  1971 
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Figure  16.  S  BAND  CATALINA  TO  SAN  CLFMFNTFi  ISLANO 
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Figure  28.  S  BAND  CATALINA  TO  SAN  CLfc'HENTC  ISLAND  NOVEMBER  1971 
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IX.  TABLES 


1.  Performance  cheiracteristics  of  transmitter 
2-  Statistical  presentation  of  July  measurements  for  L-bcUid 

3..  Statistical  presentation  of  July  measurements  for  S-band 

4.  Statistical  presentation  of  July  measurements  for  X-band 

5.  Statistical  presentation  of  November  measurements  for  L-band 

6.  Statistical  presentation  of  November  measurements  for  S-band 

7.  Statistical  presentation  of  November  measurements  for  X-band 
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APPENDIX  (Meteorological  Data) 


The  purpose  of  the  measurement  program  described  in  this  report ' 
was  to  provide  reliable  data  to  permit  prediction  of  antenna  per¬ 
formance  in  the  oceanic  evaporation  duct  for  various  antenna  heights 
and  frequencies.  Therefore,  extensive  measurements  were  done  in 
various  seasons  without  the  attempt  to  correlate  meteorological  data 
with  radio  measurements  obtained  simultaneously  (this  has  been  done 
successfully  and  is  described  in  reference  1) .  However,  it  is  the 
purpose  of  this  report  to  document  all  pertinent  data.  For  this 
reaison,  meteorologiced  data  available  for  the  periods  of  the  radio 
meaisvurements  aire  presented  without  further  analysis.  The  meteorolog¬ 
ical  data  are  published  in  a  separate  volume  which  is  available  upon 
request.*  The  meteorological  data  consist  of  two  refractive  index  pro¬ 
files  obtained  with  airborne  microwave  refractometers  on  11  Nov^ber  1971 
and  surface  weather  observations  from  San  Clemente  Island.  In  general, 
the  meteorology  during  the  July  measurement  period  was  characterized 
by  thermal  stability  in  the  lower  atmosphere  with  an  almost  continuous 
stratus  cloud  deck.  The  November  measurement  encountered  the  whole 
range  of  meteorological  conditions  from  strong  subsidence  and  advec- 
tion  inversions  (Santa  Ana  condition)  to  neutral  and  unstable 
atmospheric  conditions.  The  boat  measurements  covering  a  period  of 
November  1970  to  April  1971  likewise  encountered  the  whole  spectrum 
of  weather  conditions  found  in  this  area. 


*  Meteorological  data  is  now  included  in  this 
volume--see  following  pages. 
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Meteorological  Data 

Meteorological  data  available  for  the  July  1971  and  November  1971 
measurement  periods  are  presented  without  further  analysis.  The 
meteorological  data  consist  of  two  refractive  index  profiles  obtained 
with  airborne  microwave  refractometers  on  11  November  1971  and  sur¬ 
face  weather  observations  from  San  Clemente  Island.  In  general,  the 
meteorology  during  the  July  measurement  period  was  characterized  by 
thermal  stability  in  the  lower  atanosphere  witlv  an  almost  continuous 
stratus  cloud  deck.  The  November  meeisurement  encountered  the  whole 
range  of  meteorological  conditions  from  strong  subsidence  and  advec- 
tion-  inversions  (Santa  Ana  conditionj  to  neutral  emd  unstable 
atmospheric  conditions.  The  boat  measurements  covering  a  period  of 
November  1970  to  April  1971  likewise  encountered  the  vrfiole  spectrum 


of  weather  conditions  found  in  this  area 
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SUMMARY 


Carefully  controlled  propagation  measurements  were  performed  for  two 
weeks  in  May  1972  between  Key  West  and  the  Marquesas  Keys.  Location  and 
season  were  chosen  in  order  to  duplicate  closely  conditions  under  which 
measurements  were  performed  by  the  Applied  Physics  Laboratory  in  1970. 

The  evaporation  duct  was  found  to  influence  X-band  and  Ku-band  frequencies 
significantly.  A  low  sited  X-band  antenna  (16  feet  above  mean  sea  level) 
received  higher  signals  60%  of  the  time  compared  to  a  high  sited  antenna 
(64  feet  above  mean  sea  level) .  Radio  data  and  ducting  conditions  were 
found  to  be  well  correlated.  It  appears  that  ducting  conditions  encoun¬ 
tered  in  May  may  be  found  during  the  rest  of  the  year.  These  findings 
are  in  agreement  with  APL's  conclusions.  Whether  these  measurements  over 
extremely  shallow  and  reef  protected  waters  can  be  considered  represen¬ 
tative  of  ducting  conditions  for  all  tropical  climates  remains  to  be 
established.  APL's  persistently  measured  extraordinary  vertical  gradients 
of  signal  strength  could  not  be  verified  either  by  measurements  or  by 


calculations. 


I.  BACKGROUND 


Part  I  of  this  series  of  reports  (reference  1)  described  extensive 
measurements  in  the  Southern  California  off-shore  area.  These  measurements 
investigated  the  influence  of  the  oceanic  surface  evaporation  duct  on 
microwave  radio  propagation  and  more  specifically  the  question  of  optimum 
shipboard  antenna  heights.  The  results  for  this  area  showed  that  the  evap¬ 
oration  duct  strongly  influenced  propagation  conditions  for  X-band  fre¬ 
quencies  but  rarely  caused  the  signals  to  decrease  with  height  (the  condi¬ 
tion  for  which  low  sited  antennas  receive  higher  signals  and  therefore  pro¬ 
duce  larger  detection  ranges).  These  findings  were  in  sharp  contrast  to 
measurements  done  by  the  Applied  Physics  Laboratory  of  the  Johns  Hopkins 
University  in  the  Key  West  area  during  May  1970  (reference  2).  While  it 
was  realized  that  the  climatological  conditions  in  the  Key  West  area 
could  produce  significantly  different  ducting  conditions,  some  of  the  APL 
data  showed  field  strength  versus  height  profiles  with  extraordinary  ver¬ 
tical  gradients.  As  an  exanple,  figure  1  shows  averages  of  profiles  mea¬ 
sured  by  APL  which  display  over  30  dB  decreases  in  path  loss  with  height 
within  a  few  feet.  All  of  these  profiles  were  measured  on  a  40'  telescopic 
mast  having  an  elevator  which  carried  the  receiving  antenna.  A  typical 
measured  refractlvity  profile,  shown  in  figure  2,  was  used  to  calculate  a 
path  loss  versus  height  curve  for  a  transmitter  height  of  five  feet.  The 
calculations  were  performed  using  NELC's  waveguide  computer  program.  This 
program  permits  radio  propagation  conditions  to  be  calculated  in  a  wave¬ 
guide  with  an  arbitrary  refractive  index  profile  perpendicular  to  the  di¬ 
rection  of  propagation.  The  calculated  path  loss  versus  height  dependence 
for  the  refractlvity  profile  of  figure  2  is  shown  in  figure  1  and  labelled 


NELC  calculation.  There  are  two  distinct  differences  between  the  measured 
and  the  calculated  profiles.  First,  the  measured  field  strength  (or  path 
loss)  valuas  are  20-30  dB  lesa  than  the  calculated  and  second,  the  sharp 
decrease  in  the  measured  profiles  occurs  at  a  height  range  where  the  calcu¬ 
lated  profile  changes  very  slowly.  The  discrepancy  of  both  absolute  values 
and  shape  between  measured  and  calculated  profiles  in  figure  1  is  in  con¬ 
trast  to  the  usually  good  agreement  between  NELC  measured  and  calculated 
profiles.  As  shown  in  figure  3,  even  a  fictitious  refractivity  profile 
with  a  50  li-units  change  between  39'  and  40'  failed  to  proauce  a  height 
gain  function  with  vertical  gradients  similar  to  the  measured  curve  in  fig¬ 
ure  1. 

All  measurements  presented  in  reference  2  were  conducted  on  9  differ¬ 
ent  days.  One  attempt  to  justify  the  unusual  height  gain  profiles  in 
reference  2  was  that  the  9  days  were  characterized  by  unusual  meteoro¬ 
logical  conditions.  These  conditions  might  not  have  shown  up  in  a  mea¬ 
sured  refractivity  profile  like  the  one  in  figure  2  because  it  was  mea¬ 
sured  over  laud.  For  these  reasons  it  was  decided  to  perform  continuous 
propagation  measurements  under  conditions  that  would  closely  duplicate 
APL's  measurements.  A  nearly  identical  propagation  path  was  selected  and 
measurements  were  conducted  during  the  same  season. 


II.  OBJECTIVE 


Conduct  in  the  Key  West  area  well  controlled  measurements  to  assess 
the  role  of  the  oceanic  surface  evaporation  duct  on  microwave  radio 
propagation.  Season  and  location  of  the  measurements  were  chosen  to 
coincide  with  APL’s  1970  (reference  2)  measurements  in  order  to  provide 
a  basis  for  comparison  of  the  data. 


III.  APPROACH 


Following  the  approach  described  in  reference  1,  a  propagation  link 
was  established  between  two  islands.  The  transmitter  was  placed  on  the 
Marquesas  Ke-ys  and  the  receiving  mast  at  the  Naval  Station  in  Key  West. 

This  path,  shown  in  figure  4,  is  just  slightly  north  of  the  APL  path  and 
about  2  miles  shorter  than  buoy  A  location  for  the  APL  measurements.  The 
NELC  path  was  selected  so  that  it  did  not  cross  any  islands.  The  transmit¬ 
ter  on  the  Marquesas  Keys  is  shown  in  figure  5.  It  is  the  same  arrange¬ 
ment  described  in  reference  1  but  with  the  addition  of  a  Ku-band  fre¬ 
quency  (17.964d  GHz).  This  addition  necessitated  a  separate  antenna  and 
the  use  of  waveguide  transmission  lines.  The  Ku-band  antenna  gain  was 
36  dB  and  the  radiated  power  12  dBm.  Transmitter  antenna  height  was  7 
feet  above  mean  sea  level  (10'  for  the  L-,  S-,  X-band  antenna).  Figure 
6  shows  a  block  diagram  of  the  Ku-band  transmitter. 

The  receiver  mast  is  shown  in  figure  7.  The  antenna  heights  for  L-, 

S-,  and  X-band  were  16,  32,  and  64  feet  and  for  Ku-band  13,  29,  and  61 
feet.  Figure  8  shows  a  block  diagram  for  the  Kur'band  receiver  (the 
receivers  for  the  other  frequencies  are  identical  to  the  ones  described 
in  refei’ence  1). 

The  minimum  detectable  signal  for  Ku-band  was  -100  dBm  ^diich  permits 
a  maximtcn  path  loss  value  of  184  dB  to  be  measured.  The  performance  of 
the  Ku-band  link  was  troubled  by  numerous  difficulties  and  equipment  fail¬ 
ures.  Tnerefore,  data  were  gathered  only  intermittently  during  the 
observation  period. 


IV.  RESULTS 


A.  Propagation  Measurements 

Figures  9-11  show  in  the  upper  portions  path  loss  for  the  three 
vertically  spaced  L-band  antennas  as  a  function  of  time.  Equipment  fail¬ 
ures  are  responsible  for  the  missing  data.  The  lower  part  of  figures 
9-11  shows  the  difference  of  the  logarithmic  path  loss  values  for  various 
antenna  combinations.  The  data  indicate  that  path  loss  decreases  (or 
received  power  Increases)  with  height.  The  path  loss  differences  between 
higher  and  lower  sited  antennas  are,  therefore,  always  positive.  The 
fading  during  five  minute  Intervals  for  the  three  antennas  is  shown  in 
figure  12.  Fading  as  used  here  is  the  peak  to  peak  signal  fluctuation 
with  respect  to  the  mean  signal  level  within  a  5  minute  interval.  The 
time  constant  of  the  recording  system  eliminated  fluctuation  faster  than 
4  seconds.  Higher  fading  is  observed  on  the  lower  antennas.  The  infor¬ 
mation  of  figures  9-12  is  presented  in  tabular  form  in  table  1.  The  first 
block  of  numbers  in  table  1  gives  the  percentage  of  time  signals  received 
on  the  higher  antenna  exceed  the  signals  received  on  the  lower  antenna  by 
a  certain  value  in  dB.  No  reversals  (i. e.  higher  signals  on  the  low 
antenna)  occurred  during  the  measurement  period.  In  99.6%  of  the  time 
the  signals  received  on  the  high  antenna  exceeded  the  ones  received  on 
the  low  antenna  by  6  dB.  The  second  and  third  block  in  the  upper  part  of 
table  1  give  the  mid-low  and  high-mid  antenna  comparison.  The  blocks  in 
the  lower  portion  of  table  1  give  the  percentage  of  time  specific  fading 
values  in  dB  are  exceeded.  Fading  values  larger  than  5  dB  are  observed 
0.3%  of  the  tine  for  the  high  antenna,  3.8%  of  the  time  for  the  middle 
antenna,  and  7%  of  the  time  for  the  low  antenna. 
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Frequency  distributions  of  path  loss,  path  loss  difference  between 
antenna  combinations,  and  fading  are  shown  in  figures  13-15.  The  corres¬ 
ponding  numbers  are  listed  in  tables  2-4.  The  presentation  of  figures 
13-15  is  believed  to  provide  a  convenient  visual  aid  in  judging  quanti¬ 
tative  effects  of  ducting  on  the  vertically  spaced  antennas. 

Figures  16-18  show  path  loss  and  path  loss  differences  for  the 
various  antenna  combinations  for  S-band.  Also  for  this  frequency,  received 
signals  Increase  with  antenna  height  and  fading,  shown  in  figure  19,  de¬ 
creases  with  antenna  height.  Missing  data  are,  again,  due  to  equipment 
failures.  Table  5  presents  the  information  of  figures  16-19  in  tabular 
form.  The  frequency  distributions  for  S-band  are  shown  in  figures  20- 
22  and  tabulated  in  tables  6-8. 

While  ducting  conditions  did  not  appear  to  have  a  significant 
influence  on  L-  and  S-band  frequencies ,  they  did  have  an  influence  on 
higher  frequencies.  Figures  23-25  show  path  loss  and  path  loss  differences 
between  antenna  combinations  for  X-band.  Path  loss  dramatically  increases 
with  antenna  height  shifting  the  path  loss  difference  curves  to  negative 
values  a  large  percentage  of  the  time.  Also,  the  fading  trend  is  re¬ 
versed  as  shown  in  figure  26.  Under  conditions  of  strong  ducting,  e.g. 
between  10-14  May,  the  signals  are  quite  high  and  little  fading  occurs  on 
the  low  antenna.  The  physical  interpretation  of  this  phenomenon  is  that 
the  evaporation  duct  strongly  trapped  the  energy  close  to  the  water  surface. 
This  resulted  in  high,  non- fluctuating  signals  close  to  the  water  and  in 
low,  fluctuating  signals  higher  up.  However,  even  chough  strong  trapping 
conditions  may  persist  over  days  as  shown  in  the  above  example,  they  also 


may  break  up  rapidly.  Signal  changes  in  the  order  of  30  dB  may  occur  in 
relatively  short  time  intervals.  The  period  of  14-20  May  was  characterized 
by  such  fluctuations.  Table  9  shows  that  the  lower  antenna  received  equal 
or  higher  signals  61.4%  of  the  time  and  exceeded  the  higher  antenna  by  10 
dB  37.1%  of  the  time.  However,  a  20  dB  difference  between  the  high  and 
the  low  antenna  was  observed  only  3.9%  of  the  time.  Strong  gradients  be¬ 
tween  adjacent  antennas  were  measured  infrequently.  Only  in  about  1%  of 
the  time  was  a  15  dB  difference  observed  between  the  high  and  the  middle 
antenna  or  the  middle  and  the  low  antenna.  Persistent,  strong  gradients 
measured  by  APL  at  even  lower  frequencies  (C-band)  are  not  evident  in 
these  data. 

In  figure  27  the  distributions  of  path  loss  for  the  three  antennas 
illustrate  an  interesting  effect  ducting  may  have  on  various  antenna 
heights.  The  lowest  antenna  shows  the  widest  spread  of  path  loss  with 
the  spread  narrowing  as  antenna  height  increases.  Ducting  conditions 
characterized  by  duct  heights  in  the  range  from  approximately  30-100  feet 
affect  the  low  antenna  more  than  the  higher  ones  which  explains  the  low 
path  loss  values.  Under  other  ducting  conditions  (notably  neutral  condi¬ 
tions),  the  lower  antenna  receives  smaller  signals  than  higher  antennas 
which  results  in  high  path  loss  values  for  the  low  antenna.  Siting  an 
antenna  low  will,  therefore,  yield  both  extremes  of  much  higher  and  much 
lower  signals  depending  on  ducting  conditions.  Table  10  lists  the  numer¬ 
ical  values  for  figure  27.  Also  figure  28  (numerical  values  in  cable  11) 
shows  distributions  with  different  spread.  However  in  this  case,  the 
spread  is  both  an  indication  of  stronger  ducting  effects  on  lower  antennas 


and  an  indication  of  spatial  correlation.  The  spatial  separation  is  lar¬ 
gest  (48  feet)  for  the  high-low  antenna  combination  and  smallest  (16  feet) 
for  the  mid-low  antenna  combination.  Accordingly,  the  high-mid  combina¬ 
tion  shows  the  narrowest  spread  and  the  high-low  antenna  the  widest  spread. 
Finally,  figure  29  (numerical  values  in  table  12)  shows  the  fading  distri¬ 
bution.  The  physical  reason  for  the  lesser  fading  on  the  low  antennas 
had  been  explained  above. 

Every  effort  was  made  to  include  Ku-band  into  the  Key  West  measure¬ 
ments.  Slippage  of  delivery  schedules  by  the  manufacturers  resulted  in 
delivery  of  the  major  components  after  the  propagation  experiment  had 
started.  The  Ku-band  propagation  link  was  assembled  in  Key  West  under 
field  operation  conditions  and  performed  so  unreliably  that  only  spotty 
measurements  were  obtained.  They  resulted  in  a  total  observation  time  of 
approximately  30  hours  and  are  included  here  for  completeness.  Figures 
30-36  and  tables  13-16  follow  the  same  format  as  the  previously  discussed 
frequencies  and  show  that  Ku-band,  similar  to  X-band,  was  strongly  affected 
by  the  existing  ducting  conditions.  During  the  30  hours  of  observation, 
the  lower  antenna  received  equal  or  higher  signals  than  the  high  antenna 
76.8%  of  the  time  and  outperformed  the  hiah  antenna  by  10  dB  during  63.6% 
of  the  tine. 

B.  Meteorological  Comparisons 

No  meteorological  measurements  were  performed  by  NELC  at  Key  West 
except  measurement  of  sea  water  temperatures  at  the  receiver  site.  These 
sea  water  temperature  measurements  were  used  in  connection  with  the  stan¬ 
dard  weather  bureau  data  taken  at  the  international  airport  in  Key  West 
(see  appendix  for  station  location)  in  order  to  calculate  duct  height. 
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Figures  37  and  38  are  plots  (at  every  three  hours  during  the  measurement 
period)  of  relative  humidity,  wind  speed,  air-sea  temperature  difference 
and  air  temperature.  Those  data  were  used  to  calculate  duct  height  6 
assuming  a  log-linear  profile  (Monin-Obukhov  profile)  according  to  the 
following  formulas: 
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Conditions  of  thermal  stability  with  bulk  Richardson's  numbers 
exceeding  0.1  were  eliminated  for  duct  height  calculations.  Bulk  Rlchar- 
son's  number  is  given  by 
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Figure  39  shows  calculated  duct  height  for  the  measurement  period. 
Variations  in  duct  height  follow  closely  variations  in  wind  speed.  This  is 
not  too  surprising  as  the  other  parameters  influencing  duct  height  showed 
less  variation  than  wind  speed.  Therefore,  the  close  correlation  of  wind 
speed  and  duct  height  observed  during  8-22  May  1972  at  Key  West  can  not  be 
generalized.  Figures  40  and  41  are  overlays  of  path  loss  for  the  low  X- 
band  antenna  (figure  25)  and  duct  height  and  wind  speed.  The  correlation 
between  signal  levels  (path  loss  values)  and  duct  heights  is  remarkable 
particularly  '£  one  considers  the  serious  short  comings  of  the  meteorolog¬ 
ical  data  (air  temperature,  relative  humidity,  and  wind  velocity  measured 
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over  land,  sea  water  temperature  measured  close  to  shore).  The  good 
agreement  between  routinely  measured  meteorological  data  and  propagation 
data  suggested  calculations  of  duct  height  for  a  longer  period  in  order  to 
see  whether  propagation  conditions  would  be  expected  to  be  different  in 
other  periods.  Considerable  time  was  spent  to  locate  useable  sea  water 
temperature  measurements  taken  for  at  least  one  year.  Surface  water 
temperature  measurements  were  finally  obtained  from  the  Marine  Research 
Foundation  in  Key  West.  The  data  were  taken  from  August  1970  to  October 
1971  in  the  vicinity  of  Stock  Island  (exact  location:  24°  33.05'  N,  81° 
44.10'  W).  The  water  depth  at  this  location  is  approximately  8-10  feet. 
The  data  were  taken  between  1100-1300.  The  1000  hours  and  the  daily 
average  readings  of  the  landbased  weather  bureau  data  were  used  to  calcu¬ 
late  duct  heights  rather  than  the  1300  hours  readings.  At  1300,  solar 
heating  of  the  grovmd  would  be  expected  to  overestimate  air  temperatures 
over  the  water.  Figures  42  and  43  show  duct  heights  calculated  (for  every 
third  day)  for  the  two  sets  of  weather  bureau  readings.  Duct  heights 
calculated  from  this  data  base  appear  to  be  generally  higher  chan  the 
values  for  the  May  measurement  period  which  may  be  due  to  a  bias  in  the 
data.  The  important  feature  of  figures  42  and  43  seems  to  be  absence  of 
significant  seasonal  changes  on  dvct  height.  One  may,  therefore,  conclude 
that  Che  ducting  condition  measured  in  May  will  be  similar  during  the 
rest  of  the  year.  It  should  be  emphasized  again  that  this  conclusion 
is  based  on  meteorological  data  whose  use  for  duct  height  calculations 
may  be  seriously  questioned. 


V.  CONCLUSIONS 


During  a  two  week  measurement  period  in  the  Key  West  area  ducting  con¬ 
ditions  were  encountered  which  significantly  influenced  X-band  and  Ku-band 
frequencies.  A  low  sited  X-band  antenna  (16'  above  msl)  received  higher 
signals  60%  of  the  time  compared  to  a  high  sited  antenna  (64'  above  msl). 
Radio  data  and  ducting  conditions  were  found  to  be  well  correlated.  It 
appears  that  ducting  conditions  encountered  in  May  may  be  found  during 
the  rest  of  the  year.  These  findings  are  in  agreement  with  API's  conclu¬ 
sions.  Whether  these  measurements  over  extremely  shallow  and  reef  pro¬ 
tected  waters  can  be  considered  representative  of  ducting  conditions  for  all 
tropical  climates  remains  to  be  established.  API's  persistently  measured 
extraordinary  vertical  gradients  of  signal  strength  could  not  be  verified 
either  experimentally  or  through  various  modelling  attempts. 
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VI.  RECOMMENDATIONS 

Calculations  of  radio  propagation  conditions  in  the  oceanic  surface 
evaporation  duct  based  on  the  use  of  existing  climatological  data  have 
been  found  to  agree  reasonably  well  with  actual  measurements.  It  is, 
therefore,  recommended  to  search  for  good  climatological  data  in  navi¬ 
gable  tropical  waters  in  order  to  establish  whether  ducting  conditions 
in  shallow  waters  of  the  Florida  Keys  are  in  fact  representative  of  other 
tropical  water  bodies. 
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VIII.  FIGURES 

1.  Measured  and  calculated  path  loss  versus  height  profiles.  The  neasured 
profiles  were  obtained  at  Key  West  at  5850  MHz,  over  a  17  nml  path,  for 
transmitter  heights  from  5'->25'  and  are  averaged  over  days  (from  figure 
A1  of  reference  2).  The  calculated  profile  Is  based  on  the  M>curve  of 
figure  2  and  a  transmitter  height  of  S*. 

2.  Refractlvlty  profile  used  to  calculate  the  path  loss  versus  height  pro¬ 
file  of  figure  1  (from  figure  167  reference  2). 

3.  Fictitious  M-proflle  with  50  M-unit  change  between  39'  and  40'  and 
corresponding  path  loss  versus  height  profile. 

4.  Geographic  location  of  propagation  path. 

5.  Transmitter  on  the  Marquesa  Keys. 

6.  Block  diagram  of  Ku-band  transmitter. 

7.  Receiving  mast  at  the  Key  West  Naval  Station. 

8.  Block  diagram  of  Ku-band  receiver. 

9.  Path  loss  for  high  L-band  antenna  and  path  loss  difference  high-low 
antenna. 

10.  Path  loss  for  middle  L-band  antenna  and  path  loss  difference  mid- 
low  antenna. 

11.  Path  loss  for  low  L-band  antenna  and  difference  hlgh-mld  antenna. 

12.  Fading  L-band. 

13.  Frequency  distributions  of  path  loss  for  L-band. 

14.  Frequency  distributions  of  path  loss  differences  between  antenna 
for  L-band. 

15.  Frequency  distribution  of  fading  L-band. 
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16.  Path  loti  for  high  S-band  aneanna  aiid  path  Loaa  diffaranca  hlgh-Lov 
aneanna. 

17.  Pach  loas  for  mlddla  S-band  anCanna  and  pach  loaa  diffaranca  ald>lov 
aneanna. 

18.  Path  loaa  for  low  S-band  aneanna  and  paeh  loaa  diffaranca  hlgh-mld 
aneanna. 

19.  Fading  S-band. 

20.  Fraquancy  dlaerlbuelona  of  paeh  loaa  for  S-band. 

21.  Fraquancy  dlaerlbuelona  of  paeh  loaa  dlffarancaa  beevaan  aneannaa  for 

S-band. 

22.  Frequency  dlaerlbuelona  of  fading  for  S-band. 

23.  Paeh  loaa  for  high  X-band  aneanna  and  paeh  loaa  diffaranca  high-low 
aneanna. 

24.  Paeh  loaa  for  middle  X-band  aneanna  and  pach  loaa  dlffarence  mid-low 
aneanna. 

25.  Paeh  loaa  for  low  X-band  aneanna  and  pach  loaa  difference  hlgh-mld 
ancenna. 

26.  Fading  X-band. 

27.  Frequency  dlaerlbuelona  of  pach  loaa  for  X-band. 

28.  Frequency  dlaerlbuelona  of  pach  loaa  dlffarancaa  becween  aneannaa  for 

X-band. 

29.  Frequency  dlaerlbuelona  of  fading  for  X-band. 

30.  Paeh  loas  for  high  Ku-band  ancenna  and  pach  loss  diffaranca  high-low 
ancenna. 

31.  Path  loss  for  middle  Ku-band  ancenna  and  paeh  loas  dlffarence  mid-low 
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Figure  I.  'le&sured  find  calculatud  pai.h  lose  versus  height  profiles.  Tr.a 
neasured  profiles  %:szc  ebtaineri  at  Key  v.'est  at  3.^:5  CHa  over  a 
17  n  tni  path  for  tranatil tter  heights  from  5 '-25*  and  are  aversi 
over  days.  (From  reiersuca  2,  figure  41)  The  oalculatad  pro¬ 
file  is  hasnd  on  the  re :  rar  tivlty  pr:»flle  of  figure  2  tnd  a 
transmitter  height  of  'ive  :«et. 


Figure  2.  Ref ractiviry  profile  used  co  calculate  the  path  lo 
versus  height  profile  of  figure  1  (troir.  figure  167 
reference  2). 


Figure  4.  Geographic  location  of  propagation  path 
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L  brt:.‘o  Ta  key  west,  FLartOJft  HftT,ia7a 

Figure  12.  Fading  L-band. 
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I'ath  loss  for  mlrfdle  S-baiid  antenna  and  path  loss  difference  mid-low  antenna. 
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h  bMO  HHnfiUEWS  7U  KtY  HtST,  FLCMOIH  HRY^U7a 

Figure  18.  I'atli  loss  for  low  S-baiid  anCeiuia  and  path  loss  difference  high-mid  antenna. 
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b’lgure  20.  i'’re«iuency  disCrlbuL  Ions  of  i>ath  loss  for  S-band 


Krtiquuncy  dlat  rlhuttJona  of  fading  for  S-band. 
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X  aflNc  HflHauesfia  ta  het  mesi.  FLBflojfj  Hfiir.iaia 

Figure  26.  Fading  X-band. 
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Frequency  distributions  of  path  loss  for  X~band 
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Figure  it.  Frequency  distributions  of  fading  for  Ku-band 
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L  BAND,  KEY  WEST  MAY  1972 


PATH  LOSS 

«  HIGH 

%  MID 

%  LOW 

120.0 

TO 

125.0 

0.0 

0.0 

0.0 

125.0 

TO 

130.0 

0.0 

0.0 

0.0 

130.0 

TO 

135.0 

0.0 

0.0 

c.o 

135*0 

TO 

140.0 

7.6 

0.0 

0.0 

140.0 

TO 

145.0 

17.3 

0.0 

0.0 

145.0 

TO 

150.0 

43.5 

7.3 

0.0 

150.0 

TO 

155.0 

27.0 

20.5 

0.5 

155.0 

TO 

16G.0 

4.7 

36.0 

17.4 

160.0 

TO 

165.0 

0.0 

30.9 

35.8 

165.0 

TO 

170.0 

0.0 

5.4 

39.8 

170.0 

TO 

175.0 

0.0 

0.0 

4.0 

175.0 

TO 

130.0 

0.0 

0.0 

2.1 

180.0 

TO 

185.0 

0.0 

0.0 

0.3 

185.0 

TO 

190.0 

0.0 

0.0 

O.C 

190.0 

TO 

195.0 

0.0 

0.0 

0.0 

195.0 

TO 

200.0 

0.0 

0.0 

O.C 

200.0 

TO 

205.0 

0.0 

0.0 

0.0 

205.0 

TO 

210.0 

0.0 

0.0 

0.0 

210.0 

TO 

215.0 

0.0 

0.0 

0.0 

215.0 

TO 

220.0 

0.0 

0.0 

0.0 

ENTRIES 

793 

797 

798 

TABLE  2.  Freqtiency  distributions  of  path  loss  for 
L-band. 
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L  BAND,  KEY  WEST  MAY  1972 
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DIFFERENCE 

X  HIGH- LOW 

%  HIGH-MID 

%  MID-LOW 

-20.0 

TO 

-18.0 

0.0 

0.0 

0.0 

-18. 0 

TC 

-16.0 

0.0 

0.0 

0.0 

-16.0 

TO 

-14.0 

0.0 

0.0 

0.0 

-14.0 

TO 

-12. C 

0.0 

0.0 

0.0 

-12.0 

TO 

-10.0 

0.0 

0.0 

0.0 

-10.0 

TO 

-8.0 

0.0 

0.0 

0.0 

-3.0 

TO 

-6.0 

0.0 

0.0 

0.1 

—6.0 

TO 

-4.0 

0.0 

0.0 

0.0 

-4.0 

TO 

-2.0 

0.0  " 

0.0 

0.3 

-2.0 

TO 

0.0 

0.0 

0.0 

0.0 

0.0 

TO 

2.0 

0.0 

0.1 

0.5 

2.0 

TO 

4.0 

0.3 

0.0 

1.1 

4.0 

TO 

6.0 

0.1 

0.1 

20.5 

6.0 

TO 

8.0 

0.1 

2.4 

68.6 

8.0 

TO 

10. 0 

0.1 

30.6 

8.0 

10.0 

TO 

12.0 

0.4 

65.2 

0.4 

12.0 

TO 

14.0 

2.2 

1.3 

0.1 

14.0 

TO 

16.0 

15.5 

0.0 

0.3 

16.0 

TO 

18.0 

64.4 

0.1 

0.1 

18.0 

TO 

20.0 

16.9 

0.1 

0.0 

ENTRIES 

780 

785 

787 

TABLE  3.  Frequency  distributions  of  path  loss  differences 
between,  antennas  for  L~band. 
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L  BAND,  KEY  WEST  MAY  1972 


FADING 

S  HIGH 

%  MID 

%  LOW 

0.0  TO 

0.5 

0.3 

C.  0 

0.1 

0.5  TO 

1.0 

3.8 

0.4 

2.1 

1.0  TO 

1.5 

0.0 

0.0 

0.0 

1.5  TO 

2.0 

79.3 

58.6 

54.3 

2.0  TO 

2.5 

0.0 

0.0 

0.0 

2.5  TO 

3.0 

3.5 

4.9 

3.6 

3.0  TO 

3.5 

8.6 

5.0 

0.0 

3.5  TO 

4.0 

2.4 

25.7 

27.9 

4.0  TO 

4.5 

0.4 

0.0 

0.0 

4.5  TO 

5.0 

0.6 

1.3 

2.0 

5.0  TO 

5.5 

0.-4 

0.4 

2.9 

5.5  TO 

6.0 

0.3 

2.5 

4.4 

6.0  TO 

6.5 

O.Q 

0.4 

0.1 

6.5  TO 

7.0 

0.0 

C.l 

0.0 

r.o  TO 

7.5 

0.0 

Ool 

0.4 

7.5  TO 

8,0 

0.0 

0.0 

0.4 

8.0  TO 

8.5 

0.0 

0.4 

0,0 

8.5  TO 

9.0 

0.0 

0.3 

0.0 

9.0  TO 

9.5 

0 . 0 

0.3 

0.4 

9.5  TO 

10. 0 

c.o 

0.0 

i.4 

cNTRI ES 

793 

797 

793 

TABLE  4.  Frequency  distributions  of  fading  L-band. 
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i 

S  BAND,  KEY  WEST  MAY  1972 


PATH  LOSS 

Z  HIGH  ' 

Z  MIO 

%  LOW 

120.0  TO  125.0 

0.0 

0.0 

0.0 

L25.0  TO  130.0 

0.0 

0.0 

0.0 

130.0  TO  135.0 

0.0 

0.0 

0.0 

135.0  TO  140.0 

0.0 

0.0 

0.0 

140.0  TO  145.0 

2.0 

0.0 

0.0 

145.0  TO  150.0 

14.3 

3.3 

0.0 

150.0  TO  155.0 

25.0 

15.4 

3.9 

155.0  TO  160.0 

24.4 

21.1 

13.6 

160.0  TO  165.0 

21.1 

21.0 

19.1 

165.0  TO  170.0 

11. 0 

24.9 

25.9 

170.0  TO  175.0 

l.l 

9.5 

20.2 

175.0  TO  180.0 

0.0 

4.0 

11. 0 

180.0  TO  185.0 

0.3 

0.0 

4.1 

~  185.0  TO  190.0 

0.4  — 

0.6 

1.0 

190.0  TO  195.0 

0.0 

0.2 

O.B 

195.0*  TO  200.0  ■" 

—  0.0  — 

"“0.0 

“  0.4  •• 

200.0  TO  205.0 

0.0 

0.0 

0.0 

205.0  TO  210.0 

0.0 

0.0 

0.0 

210.0  TO  215,0 

0.0 

0.0 

O.C 

215.0  TO  220.0 

0.0 

0.0 

0.0 

ENTRIES 

1116 

1030 

1109 

TABLE  6.  Frequency  distributions  of  path  loss  for  S-band. 
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DIFFERENCE 

%  HIGH-LOW 

X  HIGH-MIO 

%  MID-Li 

-20.0  TO 

-18.0 

0.0 

0.0 

0.0 

-18.0  TO 

-16.0 

0.0 

0.0 

0.0 

-16.0  TO 

-14.0 

0.0 

0.0 

0.0 

-14.0  TO 

-12.0 

0.0 

0.0 

0.0 

-12.0  TO 

-10.0 

0.0 

0.0 

0.0 

-10.0  TO 

-3.0 

0.0 

0.0 

0.0 

-8.0  TO 

-6.0 

0.0 

0.2 

c.o 

-6.0  TO 

-4.0 

0.1 

0.0 

0.1 

-4.0  TO 

-2.0 

0.0 

0.1 

0.2 

-2.0  TO 

0.0 

0.0 

0.1 

0.8 

0.0  TO 

2.0 

0.1 

1.4 

0.2 

2.0  TO 

4.0 

0.5 

20.3 

9.0 

4.0  TO 

6.0 

2.7 

46.7  . 

52.9 

6.0  TO 

8.0 

.  11.0 

28.2 

32.5 

8.0  TO 

10.0 

19.1 

2.0 

2.6 

10.0  TO 

12.0 

38.9 

0.8 

0.3 

12.0  TO 

14.0 

21.2 

0.0 

0.4 

14.0  TO 

16.0 

4.3 

0.0 

0.3 

16.0  TO 

18.0 

0.9 

0.1 

0.2 

18.0  TO 

20.0 

1.3 

0.1 

0.5 

ENTRI ES 

1018 

1010 

998 

TABLE  7 ^....Frequency  distributions,  of  path  loss  differences 
between  antennas  for  S-band. 
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S  BAND,  KEY  WEST  MAY  1972 


~  FADING 

X  HIGH 

t  MID 

%  LOW 

"  0.0  TO  ■ 

0.5 

1.8 

-  "1.1 

0.5 

0.5  TO 

l.O 

14.8 

8.2 

6.9 

1.0  TO 

1.5 

33.1 

26.4 

14,6 

1.5  TO 

2,0 

27.9 

33.0 

31.7 

2.0  TO 

2.5 

8.8 

12.4 

13.5 

2.5  TO 

3.0 

10.8 

11.5 

10.6 

3.0  TO 

3.5 

2.2 

5.0 

9.5 

3..  5  TO 

4.0 

0.4 

1.4 

5.7 

4.0  TO 

4.5 

0.2 

0.4 

2.3 

4,5  TO 

5.0 

0.0 

0.1 

0.8 

5.0  TO 

5.5 

o;i 

0.6 

2.0 

5.5  TO 

6.0 

0.0 

0.0 

0.8 

6.0  TO 

6.5 

0.0 

0.0 

0.2 

6.5  TO 

7.0 

0.0 

0.0 

0.0 

7.0  TO 

7.5 

0.0 

0.0 

O.l 

7.5  TO 

■3.0 

0.0 

0.  0 

0.1 

3.0  TO 

3.5 

0.0 

0.0 

0.0 

3,5  TO 

9.0 

0.0 

0.0 

0.0 

9,0  TO 

9.5 

0.0 

0,0 

c.o 

9.5  TG 

10.0 

0.0 

0.0 

0.7 

ENTRIES 

1116 

1030 

1109 

TABLE  8.  Frequency  distributions  of  fading  S-band. 
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X  band,  KtY  wfcST  MAY  1972 


PATH  LOSS  %  HIGH  *  MID  Z  LOW 


120.0  TO  125.0  0.0  0.0 

125.0  TO  130.0  G.o  C.O 

130.0  TO  135.0 _ 0.0  _  0.0 

135. J  to’ 140.0  O.O'  ’  ’  0.0 

140.0  TO  145.0  0.0  0.0 

145.0  TO  150.0  0.0  1.1 

150.0  TO  155.0  4.7  26.3 

155.0  TO  160.0  27.2  25.4 

160.0  TO  1d5.0_  _ ^29.JL _ 1^6.0 

■l65.0‘  to  ITO.'O  “  2~6.5  ‘  12.‘6‘ 

170.0  TO  175.0  10.6  8.8 

175.0  TO  laO.O  2.0  4.9 

130.0_TQ  135.0  0.0  4.0 

'ia5.'0  TO  ISO.O  0.0  ''  '“’.0.9 

190.0  TO  195.0 _ 0.0 _  0.0 

*195. 0"  to  200.0  0.0  0.0 

200.0  TO  205.0  0.0_  0.0 

■'205.0  TO  210.0  O.b  0.0 

210.0  TO  215.0  0.0  0.0 

215.0  TO  220.0  C.O  0.0 


0.0 
0.0 
0.0 
0.  0 

2. 

27. 

23. 

9. 

__5. 

a, 

9. 

5. 

5. 

2. 

1. 

O.l 

0.0 

C.O 

0.0 

C.O 


ENT^l'i's . il'77  . . ■■Yi72  "  . . 1172 


TABLE  iO.  Frequency  distributions  of  path  loss  for  X-band. 
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X  BAND,  KtY  WEST  MAY  1972 


OIFFERE.-qCE 

%  HIGH-LUW 

%  HIGH-MID 

i  M 1 0— lc  w 

-20.0  TO 

-13.0 

7.1 

0.3 

0.4 

__-13.0  TO 

-16.0 

5.2  .. 

0.9 

0.3 

-16.0  TO 

-14.0 

6.6 

1.5 

0.4 

.-JL4.0  TO 

-12.0 

7.1 

2.5 

1.2 

-12.0  TO 

-10.0 

11. 0 

3.8 

4.5 

10.0. TO 

-0.0 

7.1 

5.3 

6.C 

-3.0  TO 

-6.0 

5.3 

10.1 

10.9 

....  .-6.0  TO 

..-4.O.. 

_ 4.3  ... 

13.4 

18.4  . 

-4.0  TO 

-2.0 

2.8 

9.S 

11.2 

.  -2.0  TO 

0.0 

3.8 

12.8 

7.6 

0.0  TO 

2.0 

3.7 

8.  1 

12.7 

.  ...2.0  TO 

4.0 

.  6.4  .  .  . 

9.4  .  .. 

. 15.1  . 

4.0  TO 

6.0 

5.3 

12.1 

8.0 

_ 6.0  TO 

.  .6  ..7 

.6.1. 

.  ._...2.6 

8.0  TO 

10.0 

6.9 

3.4 

0.6 

.  .10.0  TO 

12.0 

..4.0 

_  0.6 

0.0 

12.0  TO 

14.0 

3.0 

0.1 

0.0 

..  14.0  TO 

16.0 

.  1.5  .. 

0.0  . 

0.  1 

16.0  TO 

18.0 

0.6 

0.0 

0.0 

_ 13.0._T0_ 

..20.0, 

. . 0 .6 _ 

o.p _ 

. 0.0... 

ENTRIES 

1163 

1166 

1166 

TABLE  11.  Frequency  distributions  of  path  loss  differences  between 
antennas  for  X-band. 


X  BAND,  KEY  WEST  MAY  1972 


FAO'iNG 

"%  HIGH 

S  LOW 

d.o 

TQ 

6.5 

o.r 

■  0.0 

1.0 

0.5 

TO 

l.O 

‘t.3 

3.5 

7.3 

1.0 

TO 

1.5 

7.4 

6.2 

7.  3 

1.5 

TQ 

2.0 

23.3 

27.6 

32.  1 

2.0 

TO 

2.5 

7.6 

7.1 

2.9 

2.5 

TO 

3.0 

7.3 

16.5 

12.5 

3.0 

TO 

3.5 

11.9 

'■■'20.6 

22.2 

3.5 

ro 

4.0 

2.3 

3.3 

2.6 

4.0 

TO 

4.5 

4.2 

5.9 

5.S 

4.  5 

TQ 

5.0 

6.3 

2.9 

0.9 

5.6 

TO 

5.5 

2.3 

3.1 

2.6 

5.5 

TO 

6.0 

2.0 

0.7 

0.5 

6.0 

TQ 

“6.5  ■ 

"4.7 

1.4 

0.2 

6.5 

TO 

7.0 

3.4 

0.2 

0.6 

7,0 

TQ 

7.5 

0.4 

U.  0 

0.1 

7.5 

TO 

d.J 

2.C 

6.3 

0 . 0 

0.0 

TO 

d.5 

3.5 

0.9 

0.  G 

?.5 

TO 

W 

^  ? 

Q  •  \j 

•  i 

5.0 

TJ 

9.6 

, 

•  A 
9/  •  V 

9.5 

TJ 

1  u  .  0 

4 

*+  ♦  c 

0.3 

'>•5 

FNT'MtS 

1177 

1172 

1172 

TABLE  12.  Frequency  distributions  of  fading  X-band. 
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KU  BAND,  KEY  WEST  MAY  1972.. 


PATH  LOSS 

X  HIGH 

MIO 

Z  LOW 

120.0 

TO 

125.0 

0.0 

0.0 

0.0 

125.0 

TD 

130.0- 

0.0 

0.0 

0.0 

130.0 

TO 

135.0 

0.0 

0.0 

0.0 

135.0 

TO 

140-0 

0.0 

0.0 

0.0 

140.0 

TO 

145.0 

0.0 

0.0 

. .  8.5 

145. C 

TO 

150.0 

0.0 

7.8 

20. 0 

150.0 

ro 

155.0 

10.7 

22.5 

20.3 

155.0 

TO 

160.0 

21.4 

13.2 

3.8 

160.0 

TO 

165.0 

25.0 

18.6 

26.9 

165.0 

TO 

170.0 

8.9 

15.5 

11.5 

170.0 

TO 

175.0 

11.6 

7.8 

3.8 

175.0 

TO 

180.0 

14.3 

7.8 

0.8 

180.0 

TO 

185.0 

8.0 

6.2 

0.8 

LS5.0 

TO 

190.0 

0.0 

0.8 

1.5 

190.0 

TO 

195.0 

.0.0 

0.0 

....  .  1-5 

195.0 

TO 

200.0 

0.0 

0.0 

0.0 

200.0 

TO 

205.0 

0.0 

0.0 

0.0 

205.0 

TO 

210.0 

0.0 

0.0 

0.0 

210.0 

TO 

215.0 

0.0 

0.0 

0.0 

215.0 

TO 

220.0 

0,0 

0.0 

0.0 

ENTRIES  112  ’  "  129”  130 


TABLE  14.  Frequency  distributions  of  path  loss  for  Ku-band 


V  HW  ■  V 


KU  BANG,  KEY  WEST  MAY  1972 


76 


DIFFERENCE  %  HIGH-LOW  5;  HIGH-MIO  i  MID-LOW 


-20.0 

TO  - 

13.0 

4.0 

0.0 

1.0 

-13.0 

TO  - 

16.0 

11.1 

0.0 

0.0 

-16.0 

TO  - 

14.0 

18.2 

1.0 

1.0 

-14.0 

TO  - 

12.0 

9.1 

0.0 

3.0 

-12.0 

TO  - 

10.0 

21.2 

6.0 

8.1 

-10.0 

TO 

-8.0 

4.0 

16.  C 

14.1 

-8.0 

TO 

-6.0 

2.0 

16.0 

17.2 

-6.0 

TO 

-4.0 

2.0 

13.0 

14.1 

-4.0 

TO 

-2.0 

2.0 

14.0 

12.1 

-2.0 

TO 

0.0 

3.0 

9.0 

5.1 

0.0 

TO 

2.0 

3.0 

13.0 

3.0 

2.0 

TO 

4.0 

2.0 

6.0 

5.1 

4.0 

TO 

6.0 

5.1 

4.0 

4.0 

6.0 

TO 

8.0 

3.0 

0.0 

7.1 

8.0 

TO 

10.0 

2.0 

2.0 

2.0 

10.0 

TO 

12.0 

2.0 

0.0 

1.0 

12.0 

TO 

14.0 

2.0 

0.0 

2.0 

14.0 

TO 

16.0 

1.0 

0.0 

0.0 

16.0 

TO 

13.0 

2.0 

0.0 

0.0 

18.0 

TO 

20.0 

_  1.0 

0.0 

0.0 

ENTRIES 

99 

100 

99 

TABLE  15.  Frequency  distributions  of  path  loss  differences 
between  antennas  for  Ku-band. 
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KU  BAND,  KEY  WEST  MAY  1972 


FADING 

Z  HIGH 

Z  MID 

Z  LOW 

0.0  TO 

0.5 

0.0 

0.0 

.  -  - 

0,0 

0.5  TO 

1.0 

0.0 

0.0 

0.0 

1.0  TO 

1.5 

0.9 

0.0 

7.7 

1.5  TO 

2.0 

0.0 

0.8 

0.8 

2.0  TO 

2.5 

6.3 

8.5 

6.9 

2.5  TO 

3.0 

6.3 

6,2 

10.8 

3.0  TO 

3.5 

6.3 

6.2 

12.3 

3.5  TO 

4.0 

4.5 

7.8 

15.4 

4.0  TO 

4.5 

17.9 

20.2 

5.4 

4.5  TO 

5.0 

1.6 

3.9 

1.5 

5.0  TO 

5.5 

3.6 

10.1 

8.5 

5.5  TO 

6.0 

1.8 

3.9 

10.0 

6.0  TO 

6.5 

17.9 

16.3 

4.6 

6.5  TO 

7.0 

15.2 

6.2 

1.5 

7.0  TO 

7.5 

0.0 

O.C 

0.0 

7.5  TO 

3.0 

0.0 

0.0 

3.  1 

8.0  TO 

8.5 

1.8 

0.3 

0.0 

8.5  TO 

9.0 

0.0 

0.0 

2.2 

9.0  TO 

9.5 

0.9 

0.0 

O.C 

9.5  TO 

10.0 

15.2 

9,3 

9.2 

ENTRIES 

112 

129 

130 

TABLE  16.  Frequency  distributions  of  fading  Ku-band. 


NARRATIVE  CLIMATOLOGICAL  SUMMARY 


Key  West  is  located  at  the  end  of  the  Overseas 
Highway  and  near  the  western  end  of  the  Florida 
Keys,  which  are  a  chain  of  Islands  swinging  In 
a  southwesterly  arc  from  the  southeast  coast 
of  the  Florida  peninsula.  The  nearest  point 
on  the  mainland  Is  about  60  statute  miles  to  the 
nonbeast.  -  while  Cuba  at  its  closest  point  is 
98  miles  south.  The  City  occupies  the  Island 
of  the  same  name  which  is  3-1/2  miles  long 
(ENE-WSW)  and  1  mile  wide.  Its  mean  elevation 
is  around  8  feet.  The  maximum  elevation  of 
1 8  feet  covers  only  about  one  acre  in  the  western 
portion.  Soil  is  a  thin  layer  of  sand,  or  marlfUl, 
overlying  a  stratum  of  Oolitic  limestone.  Vegeta¬ 
tion  on  the  eastern  end  of  the  island  is  scanty, 
chiefly  of  low  growth.  The  western  end,  where 
settlement  and  landscaping  are  older,  has  a  little 
heavier  growth.  The  airport  and  WBAS  are  located 
on  the  southeast  shore  on  partially  filled  man¬ 
grove  swamp. 

The  waters  surrounding  the  key  are  quite  shallow 
up  to  the  mainland  on  the  northeast  and  for  6 
miles  to  the  reef  on  the  south.  There  is  little 
wave  action  because  the  reef  disrupts  any  estab¬ 
lished  wave  panern. 

Because  of  the  nearness  of  the  Gulf  Stream  in  the 
Straits  of  Florida,  about  12  miles  south  and 


southeast,  and  the  tempering  effects  of  the  Gulf 
of  Mexico  to  the  west  and  north.  Key  West  has 
a  notably  mild,  tropical-maritime  climate  in 
which  the  average  temperatures  during  the  winter 
are  only  about  14*  lower  than  in  summer.  Cold 
fronts  are  strongly  modified  by  the  warm  water 
as  they  move  in  from  northerly  quadrants  in 
winter.  There  is  no  known  record  of  frost, 
ice,  sleet,  or  snow  in  Key  West,  Prevailing 
easterly  tradewinds  and  sea  breezes  suppress 
the  usual  summertime  heating.  Diurnal  variations 
throughout  the  year  average  only  about  10*. 

Precipitation  is  characterized  by  dry  and  wet 
seasons.  The  period  of  December  through  .April 
receives  abundant  sunshine  and  slightly  less  than 
25  percent  of  the  annual  ralnfalL  This  rainfall 
usually  occurs  In  advance  of  cold  fronts  in  a  few 
heavy  showers,  or  occasionally  3-8  light 
showers  per  month.  June  through  October  is 
normally  the  wet  season,  receiving  approximately 
53  percent  of  the  yearly  total  in  numerous 
showers  and  thunderstorms.  Early  morning  is 
the  favored  time  for  diurnal  showers.  Easterly 
waves  during  this  season  occasionally  bring 
excessive  rainfall,  while  infrequent  hurricanes 
may  be  accompanied  by  unusually  heavy  amounts. 
Humidity  remains  relatively  high  during  the 
entire  year. 
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74.S 

72,0 

88,* 

77,4 

i«ia  ' 

40,0 

72.11 

79.* 

74.« 

40«* 

48.9 
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F  0.90 

1.47 
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STATION  LOCATION 


or  tuT.  rtotxDA 
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ttevattes  «bet* 


s  J 

B  -2 


kt 

4  3 


12 

3: 

Si 


i  I 

li 
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ij 


Houm,  Vr»(  Sidtj 
Ouvtl  Street,  t>«t«««a 
froac  b  Gr*«a  Strtcts 


I  I  '  i 

112.01/70  7/4t.'7i  i  block*  5  X*'  33  j  01*  4t‘ 


Station  «»ttbliabaO  «tn4o« 
sh«l ttr 


VlDdA* 


Duva .  Straat  batvaaa 
r*r98'  A  CaroUoa 

1.01.71 

2  26 

72.2  biecka  5 

24* 

22-  1 

61* 

46’ 

3 

"i 

:  1 

Vlhdoa  shaliar. 

Louvra  ilotai.  South  *tda 
Froo:  bataoao  Ouval  tt 
ritxpa*rick 

]  01. ;2 

2/26 

62  1  block  a 

24* 

:i'  • 

1 

61* 

46* 

2 

56 

12 

■  53  , 

, 

tail  auildlof 

4or:n  aid*  Front 

3.01  82 

2.  20 

66lACrO*a  it. 

24* 

33- 

1 

61* 

46’ 

2 

56 

20 

20 

i"' 

Fara  dtatroyod  offica  «itb 
city  3.30/16. 

U.  3.  5aval  Oapot 
Buildibc  *1 

4  12  86112  31 
vMCiUeer  for 

1  01  1  12 

I 

64  2  blocka  9 

¥4ra  r-boa  star 

24*  33'  1 
Ing  aavaral 

>1*  46’ 
trouaand 

i  '  to  1  tif 

bdla*  of  tobacco. 

40  1  SO 

.'taxiaa  «f  LOO*  In 

a  ?:• 
Jir.*' 

T  axbOtura 
,*al>  .  and 

Shalcar  '•n  nI'*»  ct  cupcia  typa 
Mjfuat  4660  ragardad  aa  too 

Vaita  Atjildiag  (Piarca 
•ui.iihj)  at  Ou^ai  4 
Frot* 

/3  2  block#  t 

24’ 

33‘  . 

1 

61* 

46’ 

2 

JO 

43 

•4. 

9*atbar  Suraau  Buildiac 
Froe*  a  Satoa 

3  23  C3 

2.30 

.1  600  Fda.  i 

24* 

33‘  . 

61* 

48 

« 

53 

U 

“ 

Buiidinc  daMcao  hr  1909 
and  1910  atorna. 

Isiaac  Cit7  8tok  Side 

205  &.ral  Straat 

.0  01  11 

2  22 

3  300  yda  tl 

24 

33' 

41* 
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